ABSTRACT The reported accuracy of radiographic measurements in predicting pulmonary hypertension is very variable. Measurements ofright and left descending pulmonary artery diameter have been reported to provide a correct diagnosis in as many as 98% of patients. A study was carried out to determine the predictive value of measurements made from the chest radiographs of 50 normal subjects and of 27 patients undergoing right heart catheterisation for cardiac or pulmonary vascular disease, taking account of radiographic magnification. After such corrections a right descending pulmonary artery diameter over 16-7 mm or a left descending pulmonary artery diameter of over 16*9 mm distinguished 12 of 23 pulmonary hypertensive subjects, with no false positive results. The diameter was then arbitrarily squared (any differences between patients and control subjects being exaggerated) and the product was divided by either predicted or actual lung volume in an attempt to correct for body size. The new index distinguished 19 of 23 patients with pulmonary hypertension, with one false positive, when the divisor was actual lung volume; when predicted lung volume was used 18 of 23 patients were distinguished, again with one false positive result.
Many previous workers have attempted to predict pulmonary haemodynamics from chest radiographs,'4 but this has proved difficult. Recently, measurement of the diameter of the descending pulmonary artery was reported to be a good method of diagnosing pulmonary hypertension complicating chronic obstructive pulmonary disease."8 The diagnostic criteria and results are, however, different in the two papers cited. We therefore report our results with similar measurements to which we have made corrections for magnification and body size.
Methods
The normal controls were 50 people who underwent chest radiography as part of routine medical examinations. There were 41 men and nine women, mean age 27, range 19-39 years. None had any evidence of appreciable cardiopulmonary disease from their history and physical examination, and all had normal chest radiographs. Twenty individuals had radiographs at a tube film distance of 1-8 metres (6 ft) (kindly provided by Dr D Stanescu) and the remainder had 3 metre (1O ft) radiographs. None underwent cardiac catheterisation.
The patients were 27 individuals (seven men) undergoing diagnostic cardiac catheterisation for clinical purposes. The age, sex, diagnosis, and mean pulmonary artery pressure of each are shown in table 1. Chest radiographs were performed at a tube film distance of 3 m. Pulmonary artery pressures were recorded relative to the mid axillary line with fluid filled catheters in the supine posture at functional residual capacity. An electrically low pass filtered mean was taken, and recorded by an independent observer. All radiographic measurements were made without knowledge of the pulmonary artery pressures.
Identical radiographic techniques were used for the normal controls and the patients. Subjects were instructed to breathe in as far as possible, and radiographs were exposed only after they had signalled that full inspiration had been reached. They were then asked to turn through 90 degrees, and a left lateral film was taken; again subjects were allowed to reach total lung capacity before exposure, without alteration ofthe height ofthe x ray tube and film plate.
From the radiographs the following measurements were made by a single observer. The posteroanterior and lateral diameters of the thorax were measured so that overall magnification could be calculated. maximum diameters of the right and left descending pulmonary arteries (RDPA, LDPA) were taken as the mean of three measurements, Vernier calipers being used. The RDPA is the largest artery leaving the right hilum, and its width was measured at its widest diameter before the bifurcation into middle and lower lobe arteries. The LDPA curves posteriorly and inferiorly across the aortic window on the lateral projection. The anterior margin of this artery was measured from the posterior wall of the left upper lobe bronchus viewed end on, and the posterior margin was selected at its widest diameter.7 The diameters of the arteries were corrected for magnification."
Other measurements made were the transhilar width, the posteroanterior and lateral internal transverse thoracic diameters, and the mean heights and widths of the 9th, 10th, and 11th thoracic vertebral bodies. The transhilar width was obtained by summing the horizontal distances from the midline to the first radiologically visualised upper lobe arterial division on each side.'2 The transverse diameters of the thorax are the maximal distances from the midline to the inner aspects of the ribs on both sides in the posteroanterior film, and from the back ofthe sternum to the posterior aspect of the lung on the lateral film. The 9th-1th thoracic vertebral bodies were chosen Bush, Gray, Denison because they were most easily and consistently identifiable on the lateral radiographs. The 12th thoracic vertebra was often obscured by the diaphragm and the margins of the upper thoracic vertebrae were often difficult to identify, and the bodies themselves were sometimes porotic and collapsed in older subjects. Finally, the chest radiographs were digitised, and total lung capacity was measured as previously described.9 ' Predicted total lung capacity was calculated from the regression equations of Black et al.'" All patients and subjects gave informed consent. The procedures were covered by approval from the Brompton Hospital ethics committee.
Results
In the normal subjects, mean RDPA was 14 (range 11 2-17 4) mm. The corresponding figures for LDPA were 13 4 (104-18-0) mm. When corrected for magnification, mean RDPA was 13 3 (range 10-7-16 7) mm and mean LDPA 12-7 (range 9-9-16 9) mm. There was a trend for both measurements to decrease with increasing age, but this did not reach statistical significance. Men had significantly larger arterial diameters than women (difference in mean RDPA between male and female subjects 2 mm, p < 0-001, and for LDPA 1-4 mm, p < 0 02, unpaired t test).
Four patients had a normal mean pulmonary artery pressure (PAP) and 23 had pulmonary hypertension (PAP > 15mm Hg '4) . The group.bmj.com on July 6, 2017 -Published by http://thorax.bmj.com/ Downloaded from Diagnosis ofpulmonary hypertension from radiographic estimates ofpulmonary arterial size The size of the arteries was scaled for body size by dividing by lung width and by mean vertebral body height and width. The hilar width was also corrected for magnification and by division by vertebral body height and width. None of these scaling factors improved accuracy significantly, and the results will not be discussed further.
Artery size was also corrected for predicted and radiologically measured total lung capacity. The flow through an artery is likely to be partly a function of its area. Four indices were developed from the general equation index = [(diameter squared)/L], where L is predicted or measured total lung capacity (litres) and diameter is true RDPA or LDPA diameter, corrected for magnification. The indices are abbreviated to IRM (RDPA/measured total lung capacity), ILM (LDPA/ measured total lung capacity), IRP (RDPA/predicted total lung capacity), and ILP (LDPA/predicted total lung capacity). The results for normal subjects are given in table 2. None of these indices correlated significantly with age, and there were no significant differences between the sexes (unpaired t test).
The index IRM was outside the normal range in 17 of the 23 patients with pulmonary hypertension, with one false positive (fig 2) ; ILM 
Discussion
The measurement of the diameters of the right and left descending pulmonary arteries was not in our hands a sensitive way of detecting pulmonary hypertension. In this series the two diameters were within the normal range in more than half the patients with pulmonary hypertension. One possibility is that our disappointing results were due to the age discrepancy between the normal subjects and the patients. Our normal values for the right descending pulmonary artery are similar to those from the largest series (1085 cases), reported by.Chang.'5 Chang found a trend for an increasing right descending pulmonary artery diameter with age, but the upper limit of normal was not age related in his subjects. Men had slightly larger arteries than women. ar is 1 mm greater than ours; radiological technical details are not described in their paper, and may account for the discrepancy. In our study the control subjects were younger than the patients and had a higher proportion of men. The mean control values of artery diameters might therefore be slightly higher than would be appropriate for the patients, but the upper limit of normal is likely to be correct, and is similar to findings in other studies.78 15 A more likely explanation for the relatively low sensitivity of the measurements is that pressure is not the only determinant of the pulmonary artery size. Another important factor is wall compliance, which varies with age'6'" and disease.'8"' The diameter also varies with lung size,'5 the cardiac cycle,20 and radiological magnification.'0 Even measurements of right and left descending pulmonary artery based on computed tomography have proved disappointing.' Main pulmonary artery diameter may be better,2' but this cannot be measured from standard radiographs, and even with computed tomography five out of 16 cases of pulmonary hypertension were not detected. The loose relationship between pressure and artery diameter is the probable reason for the inconsistencies found in published reports. Chetty et al found that 19 of 20 patients with a mean pulmonary artery pressure of more than 20 mm Hg had a right descending pulmonary artery diameter greater than 20 mm. In the series of Matthay et al the proportion was 28/61 and in our series 2/17.
To try to improve the detection of increases in pulmonary artery pressure, we scaled the pulmonary artery diameters for size of the subjects. A similar idea has been used many times before (on the basis, for example, of the thoracic width8 or vertebral body size22) but scaling by measured or predicted total lung capacity has not been reported, despite the many regression equations relating total lung capacity to sex and height. As the flow through an artery will be partly a function of its area, diameter squared was arbitrarily scaled to total lung capacity. On the basis of predicted values of total lung capacity, the right or left index was abnormal in 18 out of 23 cases of pulmonary hypertension, and on the basis of radiographically measured total lung capacity 19 of the 23 cases were successfully detected. A similar improvement in accuracy, based on pulmonary artery size scaled for body surface area, has been reported by others.2' We had one false positive result, from a woman with pulmonary stenosis at the time of study; in this patient the enlarged artery might have represented post-stenotic dilatation, one of many causes of large pulmonary arteries with normal pressure.2 '2' In this group of patients predicted and radiologically measured total lung capacity were about equally useful for scaling of artery size. This is Bush, Gray, Denison unlikely to be the case in diseases causing large changes in total lung capacity, such as emphysema. The arguments for using measured total lung capacity are that the information is available from the film without storing extra data and that pulmonary artery diameter increases with inspiration.'5 Predicted total lung capacity, however, is not affected by the presence of disease. The appropriateness of each can be resolved only by further studies. In the patients measured total lung capacity was significantly greater than predicted (mean difference 329 ml, standard deviation of the difference 640 ml; p < 0 02, paired t test), whereas in the normal subjects there was no significant difference.
In conclusion, the right and left descending pulmonary artery diameter squared, corrected for magnification and scaled to either measured or predicted total lung capacity, can be used to make a correct diagnosis of pulmonary hypertension in more than 75% of patients with various cardiac diseases. A normal index does not, however, exclude pulmonary hypertension. Although there are weak correlations between mean pressure and these indices, the scatter is so wide that the absolute pressure cannot be predicted radiologically. Further studies are needed to determine whether similar accuracy is possible in other diseases, particularly when the disease process might alter the compliance of the arterial wall or obscure the arteries themselves. Further studies are also required to assess whether measured or predicted total lung capacity are more useful to scale the arterial areas.
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